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The present invention relates to the induction of proteins and the activation of enzymes in the cells of living organisms, in- 
cluding human beings. According to the invention, long nucleic and complexes, such as the polyriboinosinate and polycytidylate 
complexes, are modified to yield short dsRNA of defined sequence. Said short dsRNAs of defined sequence retain the ability to 
induce proteins and activate enzymes but are not as toxic as long dsRNA. 
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SHORT THERAPEUTIC dsRNA 
OF DEFINED S T RUCTUR E 



Bft^ggBffi AWP SOMMARY 

The invention generally relates to therapeutic 
5 compositions of matter, methods for producing said 
compositions and methods for administering said 
compositions to living organisms, including human 
beings. 

Certain long, double- stranded RNA (dsRNA), 

10 especially poly( I) :poly(C) and poly(l) :poly (C^U) 
(Ampligen*) are anticancer and antiAIDS agents (1). 
These dsRNAs induce interferon and activate a variety 
of cellular enzymes (2). These dsRNAs are 
enzymatically synthesized as high molecular weight 

15 nucleic acid polymers (m>300), using ribonucleoslde 
diphosphates as substrate and polynucleotide 
phosphorylase (PNPase) as enzyme. Ampligen was 
created because its parent compound, poly(I) :poly(C), 
was toxic (3). In the 1960's, Drs. Carter and Ts'o 

20 reasoned that a metabolic ally unstable, long dsRNA 
derivative might be cleared quickly from blood and 
therefore exhibit minimal toxicity, (4). They 
created Ampligen® as a long dsRNA molecule with 
RNase- sensitive mismatches an this molecule retained 

25 biologic potence while proving to be non-toxic (1). 
To indicate the size of poly(I) ;poly(C) or 
poly(I):poly (Cj^'U) in general use, the inventors 
point out that the specifications for Ampligen in 
clinical trials in 198701988 include a requirement of 

30 an S20, w of 10-15, corresponding to a molecular 
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weight in excess of 1,000,000 and a number of base 
pairs in excess of 1500. 

A new line of thinking has lead the present 
inventors to a new and different mechanism account 
for biological activity and lack of toxicity 
simultaneously characterizing dsRNA, allowing the 
inventors to create a new class of dsRNA molecule 
with therapeutic benefit. In contrast to the 
teachings of the prior art, the inventors have 
concluded that lack of toxicity of Ampligen derives 
from the helical interruptions (i.e., shortness of 
helical stretches ) introduced by uracil residues and 
not from RNase sensitivity. Thus, the essence of 
this invention is as follows: First, certain short 
dsRNAs will be nontoxic and biologically active, 
regardless of whether they contain RNAae- sensitive 
mismatches. Such short dsHKAs having the proper 
nucleotide sequence will be therapeutic by virtue of 
their biological activity. It should be emphasized 
that the prior art teaches away from the present 
invention by teaching the need for long, 
biodegradable dsRNA in order to preserve biological 
activity without toxicity. 

Short dsRKA of defined sequence cannot be 
synthesized by the PMPase method. First, PNPase 
cannot synthesize a nucleic acid of defined sequence 
because it is a terminal transferase and not a 
template-copying enzyme. Second, the helical content 
of dsRNAs of the homopolymer:homopolymer type 
constantly changes due to the "slippage" reaction. 
Slippage means that the two strands of the dsKKA 
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molecule mover relative "to each other since there is 
no complementary nucleotide register to fix the 
position of two strands relative to each other. The 
present invention produces means for synthesizing 
5 stable short dsRNA of defined sequence. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an illustration of two types of short 
dsRNA of defined sequence. In FIG. 1A is shown a 
dsRNA with terminal "locks" while in FIG. IB is shown 
10 a dsRNA with a central "hinge". The dsRNA in FIG. 1 
also contain "internal registers", which are 
indicated by A-U base pairs. 

FIG. 2 is an illustration of a method for 
preparing a short dsRNA of defined sequence having 
15 terminal locks and internal registers. 

FIG. 3 is an illustration f a method for 
preparing short dsRNA of defined sequence having a 
central or near-central hinge. 

FIG. 4 is an illustration of a method for 
20 preparing short dsRKA of defined sequence having both 
terminal locks and a central or near-central hinge. 

DBgqyimOM Tbe srac?Frc embodiments 

1) Types of dsRNA. The present compositions of 
matter and methods relative to their use generally 
25 depend on the several embodiments thereof on the 
chemical modifications of protein-inducing and/or 
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enzyme- activating dsBNA complex to render said 
complex less toxic to a living animal cell. The 
chemically modified complexes disclosed herein retain 
the biological activity of unmodified complexes while 
5 being less toxic by mechanisms which are presently 

mysterious. The dsRNA complexes which are of concern 
in the present invention may be modified by 
shortening said dsRNA while at the same time fixing 
the two strands in space relative to one another. 
10 Figure 1 depicts two types of dsRNA envisioned in 
this application. Type A dsRNA is termed "locked 
dsRNA" . It contains complementary regions at each 
end ("locks") to fix the dsRNA register. Variants of 
this model may contain sub terminal , rather than or in 
15 addition to, terminal locks or may contain only one 
lock. Locks may be as short as a single nucleotide. 
In addition, "internal registers" like the A-U base 
pairs of Figures 1 and 2 may be added for increased 
stability. Type B dsRNA is termed "hinged" dsBNA. 
20 Hinged dsRNA contains an internal self-complementary 
stretch which folds in a restricted way to align the 
remaining dsRNA nucleotides (see also Figures 3 and 4 
for example of hinged dsRNA) . For the purposes of 
this application "locks", "hinges" and "internal 
25 registers" are complementary nucleotide pairs 

different from homopolymer stretches in the daRNA. 
Said locks, hinges and internal registers are 
referred to as heteropolymer regions in this 
application. At one extreme is a homopolymer with a 
30 single heteropolymer nucleotide pair to fix the dsRNA 
register while at the other extreme is a totally 
heteropolymer! c short dsRNA. Both locked and hinged 
dsBNAs may contain single stranded regions terminally 
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or internally (Figure 2). 

2) Synthesis of Short dsRNAs of Defined 
Sequence . Locked RNA molecules of defined length and 
defined sequence can be synthesized from plasmid DNA 

5 vectors having promoters of defined sequence placed 

near the sequence of interest. The vectors, enzymes 
and substrates are available from a variety of 
commercial sources. For example the locked daRNA 
depicted as structure [7] of Figure 2 can be made as 

10 follows. The two deoxyoligonucleotides depicted at 
the top of Figure 2 ( structure [ 1 1 ) can be 
synthesized by an oligonucleotide synthesizer. 
Annealing them as shown (structure [2]) leaves 
single- stranded ends which can be cloned 4 .nto the 

15 commercially available vector, pGEM 4, after cleavage 
of the vector with EcoRl and Hind III, yielding 
structure 13]. Transcription of this plasmid as 
described in Figure 2 yields separately two single 
stranded RNAs (structures [4] and [5]) which can be 

20 annealed (e.g., at 65° in 1M NaP04, pH7) to produce 
the dsRNA shown in structure [6] in Figure 2. This 
locked daRNA can be used as is or can be trimmed with 
RNAse to produce the dsRNA shown in structure [7], 
Figure 2. 

25 Hinged RNA molecules of defined length and 

defined sequence can be synthesized from plasmid DNA 
vectors having promoters of defined sequence placed 
near the sequence of interest. For example, the 
hinged dsRNA depicted as structure [8] of Figure 3 

30 can be made as follows: The two 

deoxyoligunucleotides depicted at the top of Figure 3 
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( structures! II ) can be synthesized by an 
oligonucleotide synthesizer, annealed to produce 
structure [2] and cloned Into pGEM4 previously cut 
with Eco Rl and Sma 1 yielding structure [31. 
Transcription of this plasmld as described in Figure 
3 yields an RNA (structure [4] which can be 
Belf -annealed to produce the da RNA shown as structure 
[5] . This hinged dsRNA can be used as is or can be 
trimmed with RNase to produce the da RNA shown as 
structure ([6]), Figure 3. dsRNA molecules of 
defined length and sequence with both locks and 
hinges can be synthesized by a slight modification of 
this above procedure, using Hind II instead of Sma 1 
and using slightly different deoxyoligonucleotides, 
as depicted in Figure 4. 

It will be obvious to those with ordinary skill 
in the art that other vectors and other restriction 
endonuclease sites can be used with similar results. 
It will also be obvious that other degrees of 
repetition than 3 of [ (I 1Q )Al/t (C 10 )U] can be 
employed and that other polypurine/polypyrimidine 
tracts can be used, such as <I n )/(C n ), (I) n /[ (C) ?Ut n , 
(A) m /(U) m , etc., so long as helical regions are kept 
short enough to avoid toxicity and long enough to 
retain biological activity. 

It will also be obvious to those with ordinary 
skill in the art that oligonucleotides conisting of 
RNA polymerase promoters flanking inserts specifying 
the present invention can be synthesized, annealed 
and transcribed directly, without cloning into a 
vector. It will also be obvious to those with 
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ordinary skill in the art that short dsRNA can bo 
chemically synthesized. The essence of this 
invention lies in the structure and properties of the 
dsRNAs themselves; this example is given to enable 
5 one with ordinary skill in the art to prepare short 
therapeutic dsRNAs of defined sequence* 

3) Determining Biological Activity of Short 
dsRNA of Defined Sequence . The biological activity 
of dsRNA can be assessed in several experimental 

10 systems which are routine in the art. The antiviral 
properties of dsRNA can be measured by challenging 
dsRNA- treated cells with vesicular stomatitis virus 
(VSV) and measuring reduction in virus yield as 
described by (5). Similar procedures have been 

15 reported which measure the inhibition of VSV and 

other viruses. The antitumor properties of dsRNA can 
be evaluated by exposing tumor cells In tissue 
culture to dsRNA and measuring reduction in growth 
rate as described by (6). The antitumor properties 

20 of dsRNA can also be measured by injecting dsKNA into 
nude mice bearing tumors and measuring tumor growth 
rate (7). The ability of dsRNA to enhance natural 
killer cell or macrophage killing activity can be 
determined as detailed (8). All of these procedures 

25 are routine in the art and are cited by way of 
enabling one with ordinary skill in the art to 
measure the biological activity of dsRNA synthesized 
as described in the preceding section. The citing of 
these procedures should not be construed as limiting; 

30 other procedures for measuring the biological 

activity of dsRNA exist and are also well known in 
the art. 
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4) Determining the Absence of Toxicity of dsRNA 
of Defined Sequence . The toxicity or lack of it of 
dsBNA can be determined by procedures which have long 
been routine for testing a variety of potential 

5 therapeutics and which have long been routine for 

testing a variety of potential therapeutics and which 
have been applied to dsRNA as well. Suitable test 
animals such as mice, rats, rabbits, dogs, monkeys, 
etc. or humans can be injected periodically with 

10 various quantities of dsRNA and after a suitable 

interval, such animals can be examined for evidence 
of fever, loss of weight, loss of liver function, 
thrombocytopenia, leukopenia, bone marrow 
suppression, etc. The examiner is directed 
15 particularly to Citations (9) for examples where such 
studies have been done regarding dsRNA. 



* 
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WHAT IS CLAIMED IS ; 



1 1. Short dsRNA of defined structure , aaid dsRNA 

2 having biological activity and lacking significant 

3 toxicity. 

1 2. The dsRKA of Claim 1 stabilised by "lock", 

2 "hinge** and/or "internal register" regions of 

3 complementary heteropolymer. 

1 3. The dsRNA of Claim 2 having the general 

2 structure: 

3 5 , lock-(I) a -lock 3 1 

4 3 f lock-(C) m ^lock 5' 

5 where said "m" and said "n" are less than 100 

6 and more than 5 and where said locks in one strand 

7 are complementary to locks in the opposite strand and 

8 where said "I" and said "C" are inosine monophosphate 

9 and cytidine monophosphate , respectively. 

1 4. The dsRNA of Claim 2 having the general 

2 structure 5 f (I^-hinge-CC)^' , where said "m" and 

3 said "n" are less than 100 and more than 5 and where 

4 said hinge is a heteropolymeric region exhibiting 

5 self -complementarity and Where said "I" and said W C" 

6 are inosine monophosphate and cytidine monophosphate 

7 respectively. 

1 5. The dsRNAs of any one of Claims 1*5 having the 

2 general structure 
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3 S'lock-UI^Alj-lock 3' 

4 3 , lock-t(C) B1 U] k -lock 3* 

5 where said "m" and said "n" are less than 25 and more 

6 than 5, where said w j M and said "k" are leas than 10 

7 and more than 0, where said T and said "C are 

8 inosine monophosphate and cytidine monophosphate , 

9 respectively, where said "A" is a nucleotide which is 

10 not I and where is a nucleotide which base pairs 

11 with said A. 

1 7. The dsRNA of Claim 1 with substitutions in one 

2 strand, said substitutions being not complementary to' 

3 nucleotides in the opposite strand. 

1 8. The dsRNA of Claim 7, said dsHNAs having 

2 single- stranded tails. 

1 9. A method of therapeutically activating 

2 dsBNA-dependent enzymes or inducing interferon in a 

3 human in need of such therapy, which method comprises 

4 administering to the human a therapeutically 

5 effective amount of the short dsRNA of defined 

6 structure according to claim 1. 

1 10. A method of therapeutically activating 

2 dsRNA-dependent enzymes or inducing interferon in a 

3 human in need of such therapy, which method comprises 

4 administering to the human a therapeutically 

5 effective amount of the short dsBKA of defined 

6 structure according to claim 2. 

1 11. A method of therapeutically activating 
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2 dsRNA dependent enzyme b or inducing interferon in a 

3 human in need of such therapy, which method comprises 

4 administering to the human a therapeutically 

5 effective amount of the short dsRNA of defined 

6 structure according to claim 3. 



1 12. A method of therapeutically activating 

2 dsRNA dependent enzymes or inducing interferon in a 

3 human in need of such therapy, which method comprises 

4 administering to the human a therapeutically 

5 effective amount of the short dsRNA of defined 

6 structure according to claim 4. 



1 13. A method of therapeutically activating 

2 dsRHA dependent enzymes or inducing interferon in a 

3 human in need of such therapy, which method comprises 

4 administering to the human a therapeutically 

5 effective amount of the short dsRNA of defined 
a structure according to claim 5. 



1 14. A method of therapeutically activating 

2 dsRNA dependent enzymes or inducing interferon in a 

3 human in need of such therapy, which method comprises 

4 administering to the human a therapeutically 

5 effective amount of the short dsRNA of defined 

6 structure according to claim 6. 



1 15. A method of therapeutically activating 

2 dsRNA dependent enzymes or inducing interferon in a 

3 human in need of such therapy, which method comprises 

4 administering to the human a therapeutically 

5 effective amount of the short dsRNA of defined 

6 structure according to claim 7. 
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1 16. A method of therapeutically activating 

2 dsRNA dependent enzymes or inducing interferon in a 

3 human in need of such therapy, which method comprises 

4 administering to the human a therapeutically 

5 effective amount of the short dsRNA of defined 

6 structure according to claim 8. 
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FIG. 2 



make deoxyoligonucleotides 5'AGCXIACCC [(G) 10 A] 3 G and 
ATGGG [(C) 1Q T] 3 CTTAA5 ' 

anneal oligonucleotides 

S'ACCTTACCC ((C), Q A] 3 G 

ATGGG [(C) JJjT] 3 CTTAA5 • 

clone annealed oligos into pGEH4 cut with 
EcoRl and Hind III 

SP6 GAATACAAGCTTACCC[(G) 1Q A] 3 GAATTCCCGGTCTCCC T7 

PROMOTORCTTAIGTTCGAATGGG[(C)£ 0 Uj| CTTAAGGGCCAGAGGG PROMOTOR 

cut with Hind III ( , ) and transcribe with 
T7 polymerase plus OTP* 

UC1AAC(C) 10 U] 3 CUUAAIIICCAIAIII5' (+) RHA 

cut with EcoRl ( *, *) and transcribe with 
SP6 polymerase plus OTP* 

IAAUACAAICUU [ ( 1 ) 1Q A] 1AAUU3 ' (-) RHA 

anneal (+) and (-) RHA 

UCIAAUIII C(C). n UJ-COUAAIIICCAIAIII 5' 
IAAUACAAAXCOT7ACCC [( Z )£~A] |lAAUU 



RHase T2 



UC1AAUIII C(C) ln U)-CUUAA 
A1CDUACCC [( 1 )£o A] 3IAAOU 



OTP* = ATP, UTP, CTP plus I TP 
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If 



FIG. 3 



make deoxyoligonucleotldes GGG(G) 12 AATGATT(C) 1 cG and 
«X:(C)^TTACTAA(G) 15 CTTAAG 

al oligonucleotides 



GGG(G) 1 ^AA3QAZT(C) 1 cG 
CCC(C)^TXACTAA(G)£|CTTA\G 

clone annealed oligos into pGEM4 cut: with EcoRl and Sntal 

SP6 POLY CCCGGG ( G ) - AATGATT ( C ) «- G^rra^TtTX'CCC T7 
PRO LINKER GGGCXX(C)^TTACT^(G)j5CTTAAGGCCAGAGGG PRO 

cut with Smal ( , ) and transcribe with T7 polymerase plus OTP* 
(C) 15 UUAOTAA( I ) 15 C00AAIICXMAIH5 9 

a e L£ anneal 

UAA( I ) 15 CUUAAI ICAIAI 1 1 5 • 
AO0(C)g 

RNaae A 

UAAIIIIIIIIIIIIIII5 1 
OTP* = ATP, OTP, CTP plus ITP 
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